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ABSTRACT

The cavitation phenomena should be considered during the design of hydrokinetic
turbines due to cavitation could cause surface erosion, mechanical vibrations,
undesirable noise and efficiency reduction in the energy transformation. Therefore, the
aim of this work is to conduct a numerical comparison of the cavitation resistance of 3
hydrofoils (NACAO0015, Eppler420 and S822) with the purpose of selecting the best foil
for the blade cross-section design. For each hydrofoil, the traditional and the high-lift
configurations were evaluated. The hydrodynamic factors, including the lift and the drag
(€, and Cp, respectively) coefficients were determined by using JavaFoil software for
several angles of attack (a). Additionally, for the computational fluid dynamics (CFD)
study in ANSY's Fluent software, the SST k — w and the Schnerr and Sauer turbulence
and cavitation models were respectively utilized to validate the values of C; and Cp,
and to calculate the pressure coefficient (Cp). The values of Cp were compared with the
cavitation number (o) for identifying cavitation on the blade and comparing the
cavitation resistance of the hydrofoils studied. The methods used and the numerical
results obtained were subsequently analyzed and validated using relevant experimental
values available in the literature for the NACAO0015 hydrofoil. CFD simulations revealed
that the NACAO0O01S5 traditional hydrofoil and the high-lift configuration of the Eppler420
hydrofoil have the best resistance to cavitation inception in comparison with the
traditional hydrofoils and the high-lift configurations studied, respectively.

Keywords: Schnerr and Sauer cavitation model, Hydrofoil, Cavitation, Horizontal axis
hydrokinetic turbine.

1. INTRODUCTION

Cavitation is a hydrodynamic phenomenon that can occur on the blades of
hydrokinetic turbines, since these are submerged in water currents from rivers and tidal
(Gharraee et al., 2016; Jung and Kim, 2015; Wang et al., 2015, Zhang et al., 2015). This
phenomenon is produced from the velocity and pressure fluctuation in the fluid around
the cross-sections of the blades. Comparing the cavitation number (o) with the minimum
pressure coefficient (Cp) on the hydrofoil surface allows to predict this phenomenon.
Cavitation often results in the generation and implosion of vapor bubbles near the blade
surface, which alters the flow. The possible consequences of this fact on the blades are
the flow-induced noise and vibration, blade surface damage caused by the erosion of the
leading edge and, subsequently, a lift/thrust decrease combined with an increase of drag
resulting in a performance reduction. Therefore, cavitation should be avoided during the
design of blades for hydrokinetic turbines, as a consequence of the cost rise related to
the reduction of the energy captured from the fluid and the turbine rotor maintenance
(Amromin, 2014; Kim and Lee, 2015). The most important aspects influencing the
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cavitation around a hydrofoil are the depth of immersion,
the fluid conditions, the tip speed ratio, the hydrofoil shape
and the surface characteristics. The vapor bubble size and
shape also vary due to the action of the velocity and pressure
fields (Kim and Lee, 2015).

In the literature, the cavitation was found to be avoided
by using a suitable design and selecting two-dimensional
(2D) sections or hydrofoils for the design of the turbine
blades. These sections should have at least high
hydrodynamic performance, enough thickness for structural
requirement and low susceptibility to cavitation, due to the
performance and lifetime of hydrokinetic turbines are
mostly dependent on the shape or the geometric
configuration of the hydrofoil used and the chord length and
twist angle distribution along the blade. From the selected
hydrofoil and by using the blade element momentum (BEM)
theory, the blades of hydrokinetic turbines can be designed.
Each blade is utilized to produce a lift force extracting
kinetic energy from the water flow in tidal and marine
currents, and rivers in order to rotate a power generator for
producing electricity. There is an abundance of available
literature regarding the blade design for hydrokinetic
turbine considering the possibility of cavitation. The results
have demonstrated that in order to design a high
performance hydrokinetic turbine, Cy,.. should be as low as
possible, while the lift coefficient (C;) and the lift to drag
ratio (C;,/Cp) should be as high as possible. In this regard,
several families of blade sections, such as NACA, NREL,
Gottingen, Eppler, Riso and Wortmann, can be used to
provide a suitable blade cross-section for hydrokinetic
turbines with low susceptibility to cavitation. Numerical
and experimental studies have demonstrated that a number
of hydrofoils of these families can provide improved
cavitation performance (Amromin et al., 2006; Batten et al.,
2008; Goundar et al., 2012; Sale et al., 2009; Schnerr et al.,
2008; Silva et al., 2015).

More recently, various studies have been carried out
aiming at showing the potential of high-lift hydrofoil
configurations to increase the hydrodynamic performance
of the cross-section of a wind or hydrokinetic turbine blade
(Aguilar et al., 2019; Eisele and Pechlivanoglou, 2014;
Gaunaa et al., 2012; Jaume and Wild, 2016; Gaunaa et al.,
2013; Narsipur et al., 2021; Ragheb and Selig, 2012; Zahle
et al., 2012; Yavuz et al., 2015).

The referred configurations were created by considering
several combinations of flaps and slats around a main
hydrofoil element. Flaps and slats were located after and
before the main element, respectively (Narsipur et al., 2012;
Ragheb and Selig, 2011).

In spite of the benefits of the high-lift configuration to
rise the hydrodynamic performance of the hydrokinetic
turbine cross-section, from the authors’ knowledge, few

hydrokinetic turbines. The pressure distribution of the
hydrofoil, the minimum Cp, the C; and Cp coefficients
and the C,/Cp, for the high-lift and the traditional
configurations are numerically analyzed and compared with
each other by using the JavaFoil numerical code and the
ANSYs Fluent software. The methods used and the
numerical results obtained are validated with experimental
data available in the literature.

2. NUMERICAL MODELING

2.1 Hydrodynamic Analysis in JavaFoil Code

The numerical comparison of the cavitation resistance of
3 hydrofoils, including NACAO0015, Eppler420 and S822,
were performance by using the JavaFoil code and the
ANSYs Fluent software. Table 1 shows the main
characteristics of each hydrodynamic hydrofoil evaluated.

In the JavaFoil code, for the high-lift and traditional
configurations, the relationship between the hydraulic
parameters, such as C; and Cp coefficients of the
hydrofoils with angles of attack (a), has been observed. The
Reynolds number (Re) of 750000, which is typical for
hydrokinetic turbines, was used to analyze the hydrofoils
studied. The chord length (C) was set at 1 in the traditional
and the high-lift hydrofoil configurations for the numerical
analysis. In turn, C; and Cp were evaluated every 1° in a
a range comprised from -5° to 20°. For the analysis of the
high-lift configuration, a hydrofoil-flap arrangement was
employed. This configuration consists of a flap located
behind the trailing edge of a main hydrofoil, as it is
illustrated in Fig. 1. C; was the chord length of the main
element. On the other hand, the flap chord length was 30%
of C;, following the guidelines given by Narsipur et al.
(2012). The vertical space (d) between elements was 3% of
the C; length, and the horizontal space (h) between the
leading and the trailing edges of the second and main
elements, respectively, was close to 5% of C;. Finally, the
deflection angle (8) was ranged from 10 to 50° during the
2D hydrodynamic analysis in the JavaFoil software in order
to obtain the optimal hydrofoil configuration. During the
numerical analysis, ¢ and § were defined based on the
maximum value of C;.

2.2 Hydrodynamic Analysis in Ansys Fluent

The flow field around of hydrofoils under the cavitation
phenomenon for the high-lift and traditional configurations,
as well as the C;, Cp and Cp values, were calculated by
CFD simulations, which were conducted through ANSY's
Fluent Software. C,, Cp and Cp were defined as expressed
by Equation (1), (2) and (3) respectively.

studies have been performed to evaluate the cavitation in __1 €]
S . . S C,=1r—/J. Fiy dS

high-lift hydrofoil configurations for hydrokinetic FPe0U& S e

application. Therefore, this work describes the Cp =1 1 [. Fy_dS 2)
hydrodynamic characteristics of 3 hydrofoils used for Pl S e
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Table 1. Geometrical characteristics of the hydrodynamic hydrofoils studied. Source: http://airfoiltools.com

Hvdrofoil Developer Maximum Maximum Maximum Maximum
ydroto evelope thickness thickness location chamber chamber location
S822 NREL 16.0% 39.2% 1.8% 59.5%
Eppler420 Dr. Richard Eppler 14.3% 22.8% 10.6% 40.5%
National Advisory Committee o o N o
NACAO0015 for Aeronautics (NACA) 15.0% 30.0% 0.0% 0.0%
Percentage with respect to the chord length
o
s -

Fig. 1. Schematic hydrofoil-flap arrangement

c. = PLPo (3)

p T 1.2
EPVRel

where p and U, are the density and velocity of the fluid,
respectively; S refers to the hydrofoil surface; F,y_is a
component of the fluid dynamic force orthogonal to the
upward flow direction, F; is the component of the fluid
dynamic force in the upward flow direction, where Pj, is
the local pressure, Vg, is the relative velocity and P,
refers to the absolute pressure or , the freestream static
pressure, which is defined as P, = P, + pgh, being P,
the atmospheric pressure; g refers to the gravitational
acceleration and h is the distance between the hub center
and the free water surface. The product among p, g and h is
so called as the gauge pressure.

The hydrokinetic turbine blade design is based on the
BEM theory for calculating the twist angle and the chord
distributions. In this study, C and the relative velocity (Vge;)
were 0.1773 m and 5.517 m/s, respectively. The Eppler420
hydrofoil was used as the reference hydrofoil to show the
computational domain. This hydrofoil has the lower
thickness of the hydrofoils studied. The hydrofoils were

13.5-C 12:C |
No-slip l
!
O
o
~
Velocity { Pressure
inlet ~—No-slip i outlet
(e]
&
N~
t
No-slip
(a)

placed within the computational domain at the a resulting
in the highest C;pq,/Cp- The values of a were 17°, 12°
and 5° for the Eppler420, S822 and NACAO0015 traditional
hydrofoil configurations, respectively. For the high-lift
hydrofoil configuration the values of a were 8°, 7° and 9°
for the Eppler420, S822 and NACAO0015 hydrofoils,
respectively.  Additionally, for these geometrical
configurations, the values of 6 were 30°, 20° and 10° for the
Epplerd420, S822 and NACAO0015 hydrofoils, respectively.
For the numerical simulation, the computational domain
used in these studied has a C-Topology; therefore, the mesh
consisted of a rectangular grid of 18C of length and a
semicircle grid of 7.5C of radius. The hydrofoil was placed
at the center of the lower and the upper boundaries. The
hydrofoil leading edge was located at 13.5C from the inlet
boundary. The fluid used during the simulation was water at
a temperature of 298.15 K. A velocity inlet in X-direction
equal to 5.517 m/s was defined in C type boundary and a
pressure outlet boundary was imposed at the outlet
boundary. Finally, in the hydrofoil and in other boundaries,
the no-slip condition was defined. The boundary conditions
and the computational domain are represented in Fig. 2.

(b)

Fig. 2. a) Computational domain and boundary conditions. b) Mesh of the computational domain for the Eppler420 hydrofoil
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This domain was meshed using an unstructured mesh and
inflation layers were generated around the hydrofoil in order
to obtain a higher computational accuracy. In addition, y+
was less than 1 in order to meet the k — w SST turbulence
model requirements, which was employed in the numerical
analysis. The mesh of the computational domain is
presented in Fig. 2.

The unsteady Reynolds-Averaged-Navier-Stokes (RANS)
equations were used with the k — w SST turbulence model
for the numerical simulation. The Schnerr-Sauer cavitation
model was used in the set of the numerical studies for each
hydrofoil due to the cavitation state can be accurately
simulated by this model (Hong et al., 2016; Hong et al.,
2018; Shi et al., 2021). The model of cavitation is based on
the Rayleigh-Plesset cavity dynamics equation. The residual
target was set at 10“ The cavitation condition was
determined according to o, which was defined in Equation

4.

= oty 4)

=1
EPVRel

where p, P, and P, are the water density, the freestream
static pressure and the saturation vapor pressure,
respectively. In turn, P, was fixed at 2339.26 Pa for a flow-
field temperature of 298.15 K. o was set at 4.23 in this
work due to the operating pressure of 66615.84 Pa, the blade
depth of 1.5 m and the water velocity of 5.517 m/s.

Once the geometry and the mesh are created, the mesh
size and the time-step convergence analyses of the solution
were tested considering the Richardson extrapolation,
which was introduced by Roche (Roche 1994; Roche 1997).
For this purpose, 3 different mesh densities and 3 time steps
were used for the independence study. The grid convergence
index (GCI) was used as an indicator of the mesh and the
time convergence level. C; was monitored to verify the
mesh and the time step independence.

For the mesh independence study, the GCI can be
obtained by means of Equation (5) when the fine mesh
solution is used or by means of Equation (6), when the
coarse mesh solution is used (Prakoso et al., 2019; Roche
1994; Roche 1997).

F.|€1]
GClyine = )
Fles|
GCloarse = =2 (6)

where 7 is the relationship between the size of the fine
mesh and the characteristic size of the medium mesh. r can
also be defined as the relationship between the size of the
medium mesh and the characteristic size of the coarse mesh.
€1 is the solution (f) relative error estimate of a control
variable (C;), which is obtained as the difference between
the fine (f;) and the medium (f3) solution divided by f;. In
turn, €, is obtained as the difference between f, and the
coarse solution (f3) divided by f,. The F term is a factor of

safety, whose value is usually taken as 3 (F is sometimes
equal to 1.25, when many mesh sizes are used to estimate
p, which stands for the order of convergence. p is
determined as expressed in Equation (7).

m(F7) M

In (r)

p:

The Richardson extrapolation defines the exact value of
the studied variable as represented in Equation (8) (Prakoso
etal., 2019; Roche 1994; Roche 1997).

fr=o =f1+% ®)

Lastly, I, which stands for the asymptotic range of
convergence index and is expressed by Equation (9), must
be analyzed to ensure that the time-step or the mesh sizes
are within the convergence asymptotic range (Roche, 1994).

On the other hand, to ensure that the numerical simulation
is within the asymptotic range, the values of I should
approach 1. Therefore, for the independency study of the
time-step and the mesh size by using GCI methods, 3
different mesh sizes and time-steps were used for each
hydrofoil studied. In Table 2, a summary of the convergence
analysis using a F-value of 1.25 is listed.

— GClcoarse =~ (9)
rPGClEine

The results presented in Table 2 proved that the numerical
results are independent on the time-step and mesh sizes.
Thus, considering the good compromise in terms of
computational time and results achieved, the medium time-
step and the medium mesh were used for the set of
subsequent simulations carried out here. In Figs. 3 and 4,
the results from Richardson extrapolation for the time-step
and the mesh independency studies, respectively, are shown.

3. RESULTS AND DISCUSSION

The comparison between the curves defined by C; and
C,/Cp versus a for the hydrofoils obtained by the
numerical method using JavaFoil software are shown in Fig.
5.

As a increases, the C; values rise. Nonetheless, there is
a a point at which the values of C; begin to decrease. This
results in the loss of the hydrofoil lift, which is related to the
detachment of the fluid boundary layer. Table 3 shows the
comparison of the numerical results obtained using JavaFoil
and ANSY's Fluent software. For the NACAO0015 traditional
hydrofoil, the maximum Cj,,,, was found when a was
equal to 8°. However, this hydrofoil was also modeled when
a was equal to 5° due to the experimental data used for
validating the numerical results were carried out for the
referred a value.

https://doi.org/10.6703/IJASE.202206_19(2).010
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Table 2. Results from convergence analysis

Hvdrofoil Mesh (number of Richardson Time-step c Richardson
Y elements) extrapolation (At) L extrapolation
Fine (142567) 1.0871 GClcogrse (-0.0019) 0.2700 0.9874 GClcogrse (0.0041)
Eppler420 Medium (115210) 1.0849 GClgine (-0.0044) 0.2900 0.9898 GClgine (0.0011)
fr=o (1.0833) fr=o (0.9865)
Coarse (89260) 1.0839 I (1.0020) 0.3100 0.9989 1 (0.9976)
Epplerd20 Fine (424030) 2.8314 GClioarse (0.0149) 1.5000 2.7952 GClcoarse (-0.0086)
lll)i%h lift Medium (399285) 2.8050 GClgine (0.0031) 2.0000 2.8202 GClrine(0.0198)
o fr=o (2.8383) fr=0(2.8395)
configuration Coarse (122552) 2.6779 1 (1.0094) 2.5000 2.8311 1 (0.9911)
Fine (152888) 0.1788 GCloarse (-0.1098) 0.1900 0.1667 GClparse(-0.0592)
3822 Medium (122324) 0.1847 GClgine (-0.1650) 0.2100 0.1679 GClgine (-0.0681)
fr=o (0.1685) fh=o (0.1758)
Coarse (96001) 0.1941 I (1.0509) 0.2300 0.1689 1 (0.9933)
Fine (399834) 1.6529 GCloarse(0.0070) 0.5000 1.6448 GClcogrse (-0.0016)
S822 high-lift ~ Medium (324534) 1.6609 GClgine (0.0011) 0.6000 1.6430 GClrine(-0.0030)
configuration fr=o (1.6515) fr=o (1.6409)
Coarse (249042) 1.6077 1 (0.9952) 0.7000 1.6440 1 (1.0011)
Fine (145628) 0.4554 GClcoarse (-0.0092) 0.8000 0.4564 GClcoarse (-0.0120)
NACA0015 Medium (117557) 0.4582 GClgine (-0.0603) 1.0000 0.4582 GClgine (-0.0172)
fr=o (0.4549) fh=o (0.4627)
Coarse (92258) 0.4779 I (1.0430) 1.2000 0.4596 1 (0.9959)
NACA0015 Fine (184550) 1.1410 GCloarse (0.0024) 1.0000 1.1428 GClcogrse (-0.0127)
high-lift Medium (150439) 1.1428 GClgine (0.0003) 1.3000 1.1506 GClrine(-0.0214)
it fr=o (1.1407) fh=0(1.1623)
configuration Coarse (122878) 1.1290 1 (0.9984) 1.6000 1.1553 1 (0.9932)
1.030 2,950 04807 —u— 5822 CFD reslts 1:800
T2 E420 pedicted exactvalue 527 recloid exsi Vebie
1.020 T E:;g ::g::m ig::gzz::z: Erzlg\::::iau value 2.900 01855 . g:;; ::g::::g 2:23:23:: grzglcr;::lgad value 1.750
e §
H 0.1804 &
1.0104 L2850 £ 5 1.700 %
© 1.0004 . ey [2.800 g = o e gy et | 16T 5
- 0.170 . :
0.990 2.750 - -* | 1600
0.980 ~——//— T T —-2.700 | . : i ]
C OIBSNDrmaIizgﬁ?gme-stED g:img e s _E'B/ D'?\Jormalized ﬁme-gin — 1.0 .
(a) (b)
0.470 -1.180
—m— N0O15 CFD results
1 NOO15 predicted exact value L1.175
0.468 ® NO015 high-lift configuration CFD results
IN0015 high-lift configuration predicted exact value | 1.170
0.465 L1.165 i
8 L1.160 8
g - £
(; 0.463 - o g
0.460 1 . . L1.150 &
ae L1.145
0.458 - .
T 1140
0.455 L ——/— . . i —L1.135
0.0 06 0.7 0.8 0.9 10
Normalized time-step spacing
(c)

Fig. 3. Time-step independence test results: a) Eppler420 high-lift and traditional hydrofoil configurations, b) S822 high-
lift and traditional hydrofoil configurations, and (c) NACAO0015 high-lift and traditional hydrofoil configurations
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The flow created around the hydrofoil is close to an
irrotational and a non-viscous flow; i.e., an ideal flow, when
a is small. Under this scenario, a weak interaction between
the non-viscous and the viscous field occurs. In turn, a flow
separation around the hydrofoil occurs for high a values.
Therefore, the best hydrofoils were the Eppler420
traditional configuration with a a value equal to 17°, and
the Eppler420 high-lift configuration with a and § values
equal to 8° and 30°, respectively, based on the comparisons
of Cpmax from the ANSYs Fluent results. The Eppler420
traditional hydrofoil had a C;,,4, (2.1106) higher than the
values obtained with the other 2 hydrofoils studied.

However, the NACAO0015 traditional configuration
hydrofoil with a a of 5° had a higher C;,4,/Cp (24.4410)
than that obtained for the Eppler420 and S822 hydrofoils
when the value of C;,,4, 1s achieved. In turn, the Eppler
high-lift configuration hydrofoil had a higher Cj,qy
(2.8069) compared to the other hydrofoil. Nevertheless, the
NACAO0015 high-lift configuration hydrofoil at a a of 5°
had a higher C;,,4,/Cp (28.7089) compared to that one
achieved for the S822 (22.8819) and the Eppler420
(26.7607) high-lift configuration hydrofoils.

1.095 - -3.000 0.230 4 -1.750
= E420 CFD results —m— 5822 CFD results
7 E420 predicted exact value 3 8822 predicted exact value
1.092] —*—E420 high-lift configuration CFD results 02204 e s822 high-lift configuration CFD results
i ' E420 high-ift configuration predicted exact value | 2.900 > §822 high-lift configuration predicted exact value | 1.700
§ 0.210 1 g
1.090 S g i &
: 2 : .- : g
. . 2.800 £ 0.200- 1.650 :
i 1,087 . ‘ @ . =
Q = e 2 0 =l T Y =
Lo g S 1,600 &
1.085- S * E . &
—a 8] 0.180 1 e T g
E -2.600 - 1.550
1.083 0.1704 -
1.080 +——/ \ T T ' 2.500 0.160 +—— T T T ‘ 1.500
0.0 1.0 1.2 14 1.6 1.8 0.0 1.0 1.2 1.4 1.6 1.8
Normalized grid spacing Normalized grid spacing
(a) (b)
0.600 -1.160
—m—N0O015 CFD results
o NOO15 predicted exact value
—a— N0015 high-lift configuration CFD results
N0015 high-lift configuration predicted exact value | 1.150
0.550 c
g
T
-8 ‘g]
e
5 -1.140 g
Q =3
£ 0.500 T
U_l M gl
.. \\. -1.130 z
i
e |
0.450- £ &
-1.120
0.400 ~——~ . T . . 1.110
0.0 1.0 1.2 14 1.6 18
Normalized grid spacing
(c)

Fig. 4. Mesh independence test results: a) Eppler420 high-lift and traditional hydrofoil configurations b) S822 high-lift and
traditional hydrofoil configurations, and (¢) NACAO0015 high-lift and traditional hydrofoil configurations
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. ) . 155
—E—CLI'C] SH22 traditional configuration
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145
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€ /C, Naca 0015 traditional configuration | 4 o
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7]
a8
£
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15
1.0
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= 0.0
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Fig. 5. Curves representing the lift-to-drag ratio (C, /Cp) and the lift coefficient (C;) vs. the angle of attack (a) for the
high-lift and the traditional configurations
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Table 3. Numerical results related to the hydrodynamic performance of the hydrofoil studied

Hydrofoil Parameters JavaFoil results ANSYs Fluent results
o 12.0°
o . Crmax 1.4240 1.2074
S822 traditional configuration Cy 0.0405 0.0882
Crmax/Cp 35.2040 13.6962
a 7.0°
) 20.0°
S822 high-lift configuration Crmax 1.8470 1.6555
Cp 0.0484 0.0723
Crmax/Cp 38.1848 22.8819
a 17.0°
o . Crmax 2.5720 2.1106
Eppler420 traditional configuration Cy 01051 0.1976
Crmax/CD 24.4673 10.6822
o 8.0°
) 30.0°
Eppler420 high-lift configuration Crmax 3.6850 2.8069
Cp 0.07714 0.1049
Crmax/Cp 47.7703 26.7607
a 5.0°
Crmax 0.6120 0.4582
Cp 0.0141 0.0187
NACAO0015 traditional configuration CL’"‘?;‘/ Cp 43.2814 8.0° 244410
Crmax 0.9570 0.6877
Cp 0.0176 0.0560
Crmax/Cp 54.3441 12.2899
a 9.0°
) 10.0°
NACAO0015 high-lift configuration Crmax 1.6640 1.1428
Cp 0.0300 0.0398
Crmax/Cp 55.3928 28.7089

Fig. 6 shows the contour graphics corresponding to the
volumetric fraction of vapor on the surface for the high-lift
and traditional configuration hydrofoils. Under the studied
conditions, it is observed that none of the traditional
hydrofoils presented cavitation. On the other hand, in the
S822 and the NACAO0015 high-lift configuration hydrofoils
an onset of cavitation was reached; while for the Eppler420
high-lift configuration hydrofoil, the volumetric fraction of
vapor was kept at zero (without cavitation). This result can
be explained from the Cp (Fig. 6) and the cavitation number
calculated by using Equation (1), due to when Cp > o,
cavitation occurs on the hydrofoil surface.

The maximum Cp values for the traditional hydrofoil
were 3.96, 3.10, 1.94 and 1.47 for the S822, Eppler420,
NACAO0015 (at a a equal to 8°) and NACA (at a a equal to
5°) traditional hydrofoils, respectively, as shown in Fig. 7.
Additionally, the Cp values were 3.97,4.23 and 4.23 for the
Eppler420, S822 and NACAO0015 high-lift configuration
hydrofoils, respectively. There is a tendency to increase the
Cp and the possibility of cavitation in the high-lift hydrofoil
configuration. This behavior was more noticeable in the
NACAO0015 hydrofoil since the Cp increase in 1.47 for the

traditional configuration to values exceeding ¢ in high-lift
hydrofoil configuration.

The greatest o values (a equal to 5° and 9° for the
NACAO0015  traditional and  high-lift  hydrofoil
configurations) produce a blocking effect in the flow,
generating an increase in the dynamic pressure in the
hydrofoil, as well as in the forces and moments, leading to
a higher pressure coefficient on the hydrofoil suction side
(Cervone et al., 2006). It should be noted that the high-lift
hydrofoil configuration reached a higher C;,,,, and a
higher C,,4,/Cp than the traditional hydrofoils (Table 3),
allowing to obtain a better hydrodynamic performance for
the high-lift hydrofoil configuration (Singh et al., 2019).

In the S822 and the NACAO0015 high-lift hydrofoil
configurations, it is observed that cavitation begins at the
leading edge of the suction side of both hydrofoils.
Cavitation is in the initiation phase, without reaching the
stages of development, spilt and shedding (Ye et al., 2020).

The length of the cavitation corresponds to the flat part of
the red curve in Fig. 7b and 7c. The lengths affected by the
cavitation were 2.05% and 1.02% for the S822 and
NACAO015 high-lift hydrofoil configurations, respectively.
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(a) Eppler420 traditional configuration

(c) S822 traditional configuration

(e) NACAO015 traditional configuration with a equal to 5°

~N

(b) Eppler420 high-lift configuration

(d) S822 high-lift configuration

(f) NACAOO015 high-lift configuration

(g) NACAO0O01S5 traditional configuration with a equal to 8°
Fig. 6. Volumetric fraction of vapor for traditional and high-lift hydrofoil configuration.

Cavitation length was 1.03% greater in the S822 high-lift
hydrofoil configuration compared to the NACAO0015 high-
lift hydrofoil configuration due to a greater pressure drop on
the suction side for the S822 high-lift hydrofoil
configuration (Singh et al., 2019). On the other hand, the
absence of cavitation in the Eppler420 high-lift hydrofoil
configuration, as well as the higher C;,,,,, and the greater
Cimax/Cp, allows this hydrofoil to be classified as the most
appropriate one among the studied hydrofoils.

The results obtained by means of numerical simulation
for the NACAO0O015 hydrofoil were validated by using the
experimental results achieved by Cervone and coworkers
(2006). In Fig. 7c, the experimental and numerical results

were found to be consistent and followed the same trend.
The wvariation in the magnitude of the results is a
consequence of some differences in the site conditions and
variations in the configuration of the system, since in the
development of the experimental work the researchers used
a flow of water at a velocity value of 8 m/s, a vapor pressure
equivalent to 3170 Pa (25°C) and a ¢ equal tol.5 (Capurso
et al., 2017; Chen et al., 2016). The experimental behavior
for the traditional hydrofoils and the high-lift hydrofoil
configuration would be expected to follow the same trend
predicted by the cavitation model.
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Fig. 7. Cp obtained through the numerical simulation for a) Eppler420, b) S822 and ¢) NACAO0015 traditional and high-
lift hydrofoil configurations

4. CONCLUSION

The cavitation in hydrokinetic turbine blades can cause a
decrease in their performance and an eventual blade failure.
Generally, cavitation can occur in those parts of the blade
with high velocity, as it does in their tips. Therefore, when
designing the blades of hydrokinetic turbines, selecting a
hydrodynamic hydrofoil resistant to cavitation is essential.
In this study, the resistance to cavitation of 3 hydrofoils was
analyzed for the traditional and high-lift hydrofoil
configurations by means of numerical simulations using the
ANSYs Fluent software. The criterion used for the
cavitation analysis of the profile consisted of comparing the
Cp with o. The results indicated that the Eppler420 high-
lift hydrofoil configuration shows a good resistance to
cavitation; as long as the conditions of the analysis
presented for the blade studied are maintained. Therefore,
its use is recommended for the hydrokinetic turbine blade
design.
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